ABSTRACT Tertiary amine local anesthetics facilitated concanavalin A-induced redistribution of lectin receptors on murine BALB/3T3 cells and enhanced the susceptibility of these cells to agglutination by concanavalin A. In contrast, these drugs at similar concentrations inhibited ligand-induced capping of immunoglobulin receptors on mouse lymphocytes. We propose that these differing effects of local anesthetics on membrane receptor mobility in fibroblasts and lymphocytes result from the action of anesthetics on membrane-associated microtubules and microfilaments involved in the transmembrane control of receptor mobility. We present electron microscopic evidence of structural alterations in microtubule and microfilament organization in anesthetic-treated cells, together with data on changes in the responsiveness of anesthetic-treated cells to drugs that act on microtubules and/or microfilaments. This evidence supports the proposal that anesthetics affect the organization of cytoskeletal components or their plasma membrane attachment points. The effects of local anesthetics on ligand-induced redistribution of membrane receptors in both 3T3 cells and lymphocytes can be duplicated by treating cells with colchicine (or Vinca alkaloids) together with cytochalasin B. We propose that the participation of membrane-associated microtubules and microfilaments in the transmembrane control of receptor mobility is such that microtubules and microfilaments play opposing roles in regulating the mobility and topograpy of cell surface receptors.
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Binding of multivalent ligands such as lectins or antibodies to the cell surface is known to be accompanied by changes in the topographical distribution of the appropriate receptors (1, 2) . Ligand-induced changes in receptor distribution offer a potential mechanism whereby events occurring on the outer surface of the plasma membrane could be translated to the cytoplasmic side and this might provide a structural basis for transducing information between the external environment and the intracellular metabolic machinery in such phenomena as mitogenesis, cell recognition and communication, and cellular immune responses.
The mobility and distribution of certain lectin and immunoglobulin receptors on the surfaces of mammalian cells may be under transmembrane control by cytoplasmic structural elements associated with the plasma membrane that are sensitive to microtubule (MT) disruptive drugs such as colchicine (Ch) and the Vinca alkaloids (2) (3) (4) (5) (6) (7) (8) . These membrane-associated proteins may act as "anchors" to restrict receptor mobility. Dislocation of the linkage between surface receptors and the Ch-sensitive structures allows increased receptor mobility and facilitates receptor redistribution by external multivalent ligands (2) (3) (4) (5) (6) (7) (8) . The (8, 12) , but inhibition of antibody-induced capping of immunoglobulin receptors on lymphocytes (13) .
We report here further observations on the effect of local anesthetics on the mobility and distribution of surface receptors which provide an explanation for the apparently conflicting action of these drugs on receptor mobility in 3T3 cells and lymphocytes. Our evidence indicates that local anesthetics affect the activity of both Ch-and CB-sensitive membrane-associated elements involved in the transmembrane control of receptor mobility and topography. (12, 14) . Spleen cells were harvested from 12-week-old BALB/c mice and purified on a Ficoll-Hypaque gradient (15) and maintained in RPMI 1640 medium supplemented with 0.5% bovine serum albumin.
Lectins. Con A was purchased as a twice-crystallized preparation (Miles; Elkhart, Ind.) and purified further by affinity chromatography (16 Table 1 are identical to those causing inhibition of Con A-mediated agglutination of 3T3 or SVv3T3 cells (6, 8 (17, 19) . In contrast, Con A-induced redistribution of receptors on anesthetic-treated cells into multiple patches would increase the likelihood of interaction between groups of aggregated receptors on adjacent cells and thus favor agglutination (1, 8) . Since cap formation involves a MF system sensitive to CB (2, 10, 11), formation of caps in Ch-treated cells indicates that the MF system is still intact. In contrast, the lack of capping of Con A receptors on anesthetic-treated 3T3 cells (8) suggests that local anesthetics are acting not only on the Ch-sensitive MT system, but also on the CB-sensitive MF system. This proposed action of local anesthetics on both MT and MF would mean that anesthetics would be expected to enhance ligandinduced receptor redistribution as a result of functional impairment of the MT "anchors," but redistribution of receptors could not progress to cap formation (due to simultaneous impairment of the MF system), and would instead result in formation of multiple small clusters and patches as reported previously (8) .
If local anesthetics affect both MT (Table 2) , when cells were incubated with Ch, CB and local anesthetics, the anesthetics did not produce an additive increase in cell agglutinability ( Table  2 ). The small non-additive increase in agglutinability caused by anesthetics might result from their ability to increase the fluidity of phospholipids (20, 21) ; this should also contribute to enhanced receptor mobility within the membrane. The results in Table 2 therefore support the above proposal that Cell Biology: Poste et al. (Fig. la) . At higher magnification, a dense plasma membrane-associated network of MF can be seen with numerous MT deeper in the cell cytoplasm (Fig. lb) . Treatment of 3T3 cells with tetracaine resulted in a dramatic alteration in cell morphology. The normally flattened cells rounded up and contracted, leading to the formation of numerous surface "blebs" (Fig. 2a) that resembled the zeiotic protrusions produced by cytochalasin B (22) or cytochalasin D (23) . The cytoplasmic distribution of cytoskeletal elements was also altered by tetracaine treatment. Bundles of MF were no longer found beneath the plasma membrane and few MT could be identified in the cytoplasm (Fig. 2b) . Some filaments were still present deep in the cytoplasm and these may be responsible for the apparent contraction of some cellular organelles to the nuclear area. It was impossible to determine whether tetracaine treatment produced dissolution of cytoskeletal elements, disorganization, or both.
Inhibition of Ligand-Induced Capping of Lymphocyte Membrane Receptors by Local Anesthetics. Both the formation of caps of surface receptors (2, 10, 11, 24) and the maintenance of caps (11) are inhibited by CB, suggesting the involvement of MF. If, as proposed above, local anesthetics impair the function of a CB-sensitive MF system, these drugs should alter ligand-induced capping. As shown in Table 3 , local anesthetics produced significant inhibition of antibody-induced immunoglobulin capping on mouse lymphocytes. Indeed, these drugs produced significantly greater inhibition than CB (Table 3) . However, incubation of lymphocytes with CB together with Ch or Vinca alkaloids caused more marked inhibition of capping (Table 3) , similar to that produced by local anesthetics alone. This further suggested that anesthetics act on both Ch-sensitive and CB-sensitive structures or their membrane attachment points. These results confirm the observations of Ryan et al. (13) on inhibition of antibody-induced lymphocyte capping by local anesthetics.
Further evidence that local anesthetics act on CB-sensitive structures was provided by the finding that local anesthetics caused breakdown and redistribution of preformed caps of receptors (Table 4) , similar to that caused by CB (Table 4) , or CB plus Ch or vinblastine (Table 4) .
DISCUSSION
The present results provide new information to support the concept that cytoskeletal structures associated with the plasma membrane can influence the mobility and distribution of membrane receptors (2-8, 19, 25-27) . Our data indicate that local anesthetics cause impairment of both Ch-sensitive MT and CB-sensitive MF systems involved in transmembrane control of receptor mobility. In addition to ultrastructural evidence for anesthetic-induced alteration in MT and MF organization (28) , the finding that the effects of local anesthetics can be duplicated by exposing cells simultaneously to both Ch and CB lends support to our proposal that anesthetics act on both MT and MF. The inhibitory action of local anesthetics on both MT and MF offers an explanation for the previously unexplained findings that these drugs enhance lectin agglutination of certain cells (8, 12) , a process that requires increased receptor mobility redistribution (1, 16, 25 ), yet at similar concentrations they inhibit capping of antibody receptors on lymphocytes (13) . These well as previous findings on the effect of Ch and CB on receptor mobility (2-4, 7, 11, 19, 29, 30) , can be explained if membrane receptors are linked to MT and MF systems which play opposing roles in controlling receptor distribution and mobility. As proposed by Edelman and Yahara (3) (4) (5) , we suggest that Ch-sensitive MT serve as cytoskeletal elements that "anchor" receptors and limit their mobility. In addition, we envisage that a MF system is linked to and operates in opposition to MT via a contractile activity that can redistribute receptors into large caps. Evidence that MF possess actomyosin components and can function as a contractile system has been reviewed elsewhere (31, 46) . In this scheme the topography of membrane receptors at any time would reflect the interplay between these two opposing systems. Functional dislocation of receptors from "anchoring" MT by such drugs as Ch or vinblastine would favor ligand-induced receptor redistribution, but so long as the receptors remained linked to MF the ligands would redistribute the aggregated receptors into caps, as found in cells exposed to Ch (19) . Conversely, selective inhibition of contractile MF by CB would prevent capping of receptors, as reported in several laboratories (2, 10, 11, 24) , but since receptors remain linked to MT "anchors," they would remain randomly distributed. Finally, in situations where both MT and MF are impaired, as in cells treated with local anesthetics or a combination of Ch and CB, loss of the MT "anchors" would facilitate ligand-in- (8) .
The mechanism by which local anesthetics alter the functional activity of MT and MF and their interaction with membrane receptors is unknown. Our results indicate that these drugs produce structural or organizational alterations in both MT and MF. Similar ultrastructural alterations in MT in anesthetic-treated tissues have been reported (32, 33) and lidocaine inhibits in vitro polymerization of MT (33) . One aspect of the pharmacological activity of local anesthetics that may be pertinent to their action on MT and MF concerns their ability to compete for Ca2+ and to displace Ca2+ bound to membranes (34, 35) . Structural reorganization of membranes after anesthetic-induced modification of Ca2+ binding could alter the linkage between integral membrane receptors and a membrane-associated MT-MF system. This possibility has been discussed elsewhere (8, 12, 28, 36) . The role of Ca2+ in regulating the depolymerization and polymerization of MT subunits both in vivo and in ittro (37) (38) (39) also introduces the possibility that structural breakdown of MT in anesthetic-treated cells might result from competitive inhibition by anesthetics of Ca2+-sensitive functions necessary for MT integrity (39, 40) . Finally, the extreme sensitivity of MT Interpretation of the diverse effects of local anesthetics on membranes has previously been considered primarily in terms of their action on membrane lipids (35, 41) . The present results indicate, however, that these drugs also influence membrane organization via an interaction with membrane-associated MT and MF. The inhibitory effect of local anesthetics on the adhesion, spreading and locomotion of cells on solid substrates (42, 43) , cell aggregation (44), axonal transport (45) , endocytosis (46) , and exocytosis (47) , might now be reevaluated as possibly resulting from the action of these drugs on cytoskeletal elements rather than their single action on membrane lipids particularly since these various processes are also inhibited by drugs acting on MT and MF systems (48) (49) (50) .
